The human epidermal growth factor (EGF) receptor is known to be homologous to the v-erb B oncogene protein of the avian erythroblastosis virus. Overexpression of the EGF receptor gene in A431 epidermoid carcinoma cells is due to gene amplification. In this study, a variety of squamous cell carcinomas were examined and one, SCC-15, contained high levels of the EGF receptor as determined by immunoprecipitation via an EGF receptorspecific polyclonal antibody. Using a cloned EGF receptor complementary DNA as a probe, the level of EGF receptor RNA was found to be elevated four-fold in SCC-15 relative to normal cultured keratinocytes. When the same probe was used to identify EGF receptor gene fragments on a genomic DNA blot, the SCC-15 cell line was shown to possess an EGF receptor gene copy number amplified four to five times. Gene amplification results in the enhancement in the level of the EGF receptor in several carcinomas and could be responsible for the appearance of the transformed phenotype in these cells.
Introduction
The epidermal growth factor (EGF)' stimulates growth and elicits a wide variety of rapid and delayed responses by binding to high-affinity cell-surface receptors which are 170-kD glycoproteins (1) . Recently, EGF receptor peptides have been sequenced and found to be homologous to the avian erythroblastosis virus erb B oncogene product (2) , suggesting that the EGF receptor gene is the human c-erb B oncogene. A431 epidermoid carcinoma cells possess a very large number of EGF receptors (3) , and the EGF receptor gene is amplified -30-fold (4) (5) (6) . This amplification is responsible for the overexpression of the EGF receptor protein in these cells (4) (5) (6) . A cell culture system has been developed permitting serial cultivation of keratinocytes, whose growth is modulated by EGF (7) . Such methods have been used to establish cell lines from squamous cell carcinomas of the oral epithelium (8) . Because of the role of EGF in keratinocyte development, we quantified EGF receptor protein and RNA in several squamous cell carcinomas. One cell line, SCC-15, was found to contain high amounts of receptor protein and RNA, and a fourto fivefold amplification of the gene.
Methods
The squamous cell carcinomas established by Rheinwald and Beckett (8) were obtained from, and maintained according to the American Type Culture Collection (Rockville, MD). 1623 was originally designated as SCC-15; 1628 as SCC-25; and 1629 as SCC-9 (8) . Normal human esophageal epithelial cells were grown as reported (9) . Maintenance of other cell lines was as described elsewhere (10) . Proteins were labeled with [35S]methionine and immunoprecipitated as previously described (10) . PolyA+ RNA was isolated by guanidine isothiocyanate solubilization and CsCI centrifugation (I 1), and oligo(dT)-affinity chromatography. RNA (Northern) blotting was performed as described (1 1, 12) . High molecular weight DNA was isolated (4) and analyzed by DNA (Southern) blotting (4, 10, 13). The EGF receptor complementary DNA (cDNA) clone pE7 was constructed and isolated from an A431 cDNA, library (1 1). DNA fragments were 32P-labeled by nick translation.
Results
A large number of cell lines were initially screened for EGF receptor levels by determining their ability to be killed by an EGF-pseudomonas exotoxin conjugate, a technique described previously (10) . Several squamous cell carcinomas were found to be relatively sensitive to the EGF-toxin conjugate, including SCC-25, SCC-9, and particularly SCC-15, all derived from the human tongue (8) . These three cell lines were labeled with [35S~methionine, and their extracts immunoprecipitated with a goat polyclonal antibody to the EGF receptor, affinitypurified as described (10) . When compared with A431 cells, which make very large amounts of the EGF receptor, SCC-25 and SCC-9 make moderate amounts and SCC-l 5 high amounts of the receptor (Fig. 1 , lane a vs. e, g, and c). Quantitation of the immunoprecipitation data revealed that SCC-15, SCC-25, and SCC-9 make 41, 15, and 4% of the amount of EGF receptor made by A431 cells, respectively.
Because SCC-15 cells had high levels of receptor, polyA+ RNA was isolated from these cells, electrophoretically fractionated on agarose, and analyzed by RNA (Northern) blotting. A cloned A431 cDNA (pE7) encoding the EGF receptor (11) was 32P-labeled and used as a hybridization probe to visualize EGF receptor RNAs. Fig. 2 A shows that SCC-15 contains both the 10-and 5.6-kilobase species of EGF receptor RNA. The levels are approximately fourto fivefold higher than those found in either KB or A498 kidney carcinoma cells; these cell lines were previously found to possess readily de- To determine if an elevated gene copy number was associated with enhanced expression of the EGF receptor gene in SCC-1 5 cells, genomic DNA was isolated from normal cultured epithelial cells (HEIA) and SCC-15 cells, digested with HindIII, electrophoretically fractionated, and subjected to DNA blotting analysis. An EGF receptor cDNA (pE7) was used as a hybridization probe to identify receptor DNA fragments. Fig. 3 A reveals that the SCC-15 genome contains fourto fivefold amplified EGF receptor gene sequences relative to normal epithelial cells (lane a vs. b). Analysis of f3-actin gene fragments on the same filter by hybridization to a chick actin cDNA probe indicated that equal amounts of DNA were loaded per well (data not shown). Digested SCC-15 DNA had to be diluted about fourfold ( Fig. 3 B , lane e) to approximate the signal intensity of receptor DNA fragments from SCC-25, SCC-9, and KB cells (lanes g-i). The KB cell EGF receptor gene is known not to be amplified (10) . cells. The amplification of the EGF receptor gene may cause the initiation or maintenance of the malignant state in some human cells.
Previously, we reported that a variety of transformed cell lines synthesize relatively high amounts of both EGF receptor protein and messenger RNA (10) . It is conceivable that a moderate or even a small increase in the level of the EGF receptor leads to a change in the cellular phenotype, as has been demonstrated for the src gene product (14) . If this hypothesis is correct, then even a minor amplification of the EGF receptor gene copy number could contribute to the onset of tumorigenesis. Hendler and Ozanne (15) have examined lung squamous cell carcinomas and found that they contain a 2.5-5-fold increase in EGF receptor levels.
References Discussion
It may be significant that A43 1 carcinoma cells are not unique in their possession of amplified EGF receptor genes. We report here that the EGF receptor gene in squamous cell carcinoma SCC-15 is amplified fourto fivefold relative to normal epithelial 
